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Abstract
Digital workflow in the dental is on the brink of completely replacing the 
traditional workflow. This opened the frontier for the introduction of intraoral 
scanners (IOS). In the craniofacial field, IOS has proven its applicability in various 
procedures with highly promising results. This includes comprehensive diagnosis of 
patients with orofacial clefts and custom-made treatment planning of challenging 
cases as well as its use in nasoalveolar molding (NAM) therapy. IOS also opened the 
horizon to the advanced digital workflow required for appliances design, manufac-
turing, and virtual surgical planning. IOS offer various advantages that decrease 
the time, effort for both the patients, their families and care providers. IOS adopt 
different optical technologies what aim for precise recording of a three-dimensional 
(3D) object. This chapter aims to provide a comprehensive review of the use of 
intraoral scanners in the craniofacial field.
Keywords: Intraoral scanning, Intraoral scanners, digital workflow, direct digital 
impression, digital 3D model
1. Introduction
The management of individuals with orofacial clefts extends from infancy 
till adulthood. Taking impressions of the dental arches is a frequently needed 
procedure, that can be utilized for recording, measuring and planning. However, 
conventional impression is considered a technique-sensitive procedure and prone 
to some complications and limitations, such as dimensional changes and patients’ 
intolerability, especially in patients with orofacial clefts. Moreover, storage and 
maintenance of the poured models is a continuous challenge to clinicians. The last 
decade has witnessed a digital revolution that led to the introduction of digital 
intraoral scanners for dentistry. Since then, the number of IOS devices as well 
as their technology are tremendously growing to offer accurate and comfortable 
replacement for the traditional impression techniques. This chapter summarizes 
the different IOS technologies, advantages, clinical considerations, and applica-
tions in the craniofacial field.
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2. Intraoral scanners technologies
The very first intraoral scanner was introduced in the 1980 [1] and incorporated 
into the CEREC® by Sirona Dental Systems LLC (Charlotte, NC) system for restor-
ative dentistry. Later after that, many manufacturers introduced multipurpose IOS 
to the market including the orthodontic purposes. IOS adopt non-optical technolo-
gies to provide an intraoral three-dimensional map where data points are captured 
by either a scanning unit or handheld wand and fed back to a workstation and can 
be viewed on a monitor. These technologies include confocal imaging, triangula-
tion, and 3D in motion video [2].
2.1 Confocal imaging
Acquisition is briefly based on capturing of in-focus (confocal) images and 
deflecting any defocused images which increases the scan accuracy [3]. Trios IOS 
AND iTero Element are examples of the majority of the IOS that adopt the confo-
cal imaging. Both offer systems where the teeth are not necessarily powder coated 
before scanning, thus shorten the scanning time and enhance the color capture [4]. 
They have a wide use in implant and restorative dentistry, and the orthodontic field.
2.2 Triangulation
This technology allows for capturing high-speed data in recording undesirable 
or inaccessible areas. It uses either a lens or a light source, and a sensor that is sensi-
tive to light for image formation. The is based upon Pythagoras theorem, where by 
knowing the position and angle of two points of a triangle, we can easily calculate the 
position of the third point (object). Single detector “prism shaped” or two detectors 
are used to detect the two different points in the exact time. Cerec (Dentsply Sirona, 
USA) adopts this technology. Bluecam Cerec requires a reflective powder coating for 
scanning while Omnicam Cerec can provide a powderless scan [2].
2.3 3D in motion video
his technology generates a true replica of the oral anatomy using a high-resolu-
tion video camera. It captures 3D data in a video sequence and models the data in 
real time. IOS that adopt this technology require a powder coating. However, it is 
lighter than that used with IOS with triangulation technology [2]. 3 M ESPE IOS 
adopt this technology.
3. Advantages of intraoral scanners
The capability of directly recording the patient’s dental arch and creating a 
digital 3D model alleviates the need for conventional impression techniques which 
may cause patient discomfort or inconvenience by either the material itself or the 
impression tray [5–7]. Neonates, Children, and patients with gag reflex cannot 
tolerate the conventional procedure, that’s why the intraoral scanning process is 
much appreciated [8–10]. It is reported by the literature that patients prefer intra-
oral scanning process over the traditional impression techniques [11].
Intraoral scanners are proven to save working time in comparison with the con-
ventional techniques [12, 13]. Although IOS do not appear to significantly save time 
in full arch scans (take less than 3 minutes) when compared to the conventional 
techniques that take from 3 to 5 minutes. However, they save time afterwards where 
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the following steps of cast pouring, direct communication can be done with the 
laboratory by emailing the 3D digital model rather than courier delivery or using 
regular mail [12, 14–16]. Consequently, IOS can save throughout the working year a 
considerable amount of money and time [11, 14, 15, 17–20].
Communication between dentist and dental technician can be simplified, 
strengthened, and improved by being offered a real time assessment of the optical 
impression quality [15, 20, 21]. In addition to that, IOS can serve as an effective tool 
for patient education as well as communication which amplifies the psychological 
involvement that positively affect the overall treatment journey. Also, IOS can be 
considered as a powerful marketing tool as patients are becoming more interested in 
technology and digitally equipped dental offices and mention that to their circle of 
communication [22]. Intraoral scanning leads to digital models which can be saved 
as an STL file, the clinical and logistic merits of digital models include easy data 
archival, smart and effective storage, durability with maintaining model integrity 
and diagnostic versatility [23].
4. Applications of IOS in the craniofacial field
Orofacial cleft is considered as one of the most common congenital disorders. 
Cleft lip and/or cleft palate (CL/P) is the most common craniofacial condition. 
Orofacial clefts have a significant influence on the development and quality of life 
not only on of the affected patients but on their families as well. A systematic review 
and meta-analysis conducted by Kadir et al. reported that 1 child in every 730 births 
will be born with CL/P (whether associated with syndrome/condition or not) [24].
4.1  Preoperative evaluation and treatment planning in patients with orofacial 
clefts
Palatoplasty for patients with cleft palate is delayed till approximately from 9 to 
10 months to avoid any maxillary growth limitation [25, 26]. At this age, the preop-
erative evaluation of the palate is very challenging because of its small size, not to 
mention that even in adults it is a very difficult structure to record [27]. Different 
attempts were conducted for the preoperative evaluation of the anatomy of the 
palate, yet it was very difficult because of limited accessibility and dynamic move-
ments. Some surgeons depended on clinical examination by eyeballing (looking 
directly into patients’ mouth while open) [27]. This method of assessment is very 
subjective and provide insufficient diagnostic information. That’s why, alternative 
methods as diagnostic plaster models, CBCT scanning of the patient to provide a 
3-dimensional anatomy of the palate, and Magnetic resonance scanning have been 
used to overcome the limitations of the physical examination method [28–30].
Plaster models have been considered as the gold standard in recording the dental 
arches [31]. Although plaster casts may record accurately the anatomy of the hard 
palate, yet it is fails to provide a detailed recording of the soft palate [32]. Despite 
the presence of alternative radiographic methods as CBCT, high radiation exposure 
particularly in pediatric patients can be a limitation, in addition to possible images 
overlap and inaccurate recording of borders of soft tissue structures [33]. Also, stud-
ies reported that MRI may provide a gap between the radiographic and clinical case 
severity, so it cannot be used solely to evaluate patients with cleft palate and should be 
combined with clinical examination to provide an appropriate treatment plan [34].
The evolution of digital intraoral scanning is considered by most of the 
orthodontists especially the craniofacial ones as an absolute innovation, litera-
ture has reported many studies that validate their use in terms of accuracy in the 
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orthodontic field [35, 36]. Also, recent studies began to validate the use of IOS in 
recording the palatal tissue and reported intraoral scanning as a reliable method 
[37, 38]. Among the reported challenges of using IOS to record the soft palate or 
the palatal area in general is the accessibility as well as recording the posterior part 
of the soft palate as a smooth surface without any corrugations [32]. There are now 
intraoral scanners with smaller and thinner scanning tips - thanks to the developing 
scanning technologies – which significantly improved the accessibility and reduced 
any discomfort particularly in infant and neonate patients.
Three-dimensional analysis of the records captured by IOS (Figure 1) can offer 
a diagnostic opportunity that allows for accurate measurements between marked 
points on the palate. This facilitates the treatment planning part for the care pro-
viders where they can accurately record the various occlusal indices required to 
evaluate the inter-arch relationships [39].
4.2 Presurgical nasoalveolar molding (NAM)
Presurgical infant orthopedics, known as (PSIO) started its popularity in the 
1950s and was validated later by Matuso in 1988 who noticed that the newborn’s 
cartilage is soft and non-elastic thus, can be molded [40]. The PSIO is advisable to 
start as early as from birth up to 4 months due to the high estrogen and hyaluronic 
acid levels which inhibit the crosslinking of the cartilage matrix and allow for 
proper cartilage molding [40, 41]. In 1950, Grayson initiated the technique that is 
widely used till now and named it “presurgical naso-alveolar molding (NAM), this 
technique allows passive molding that aims mainly for repositioning the deformed 
alveolar process, nasal cartilage and lengthening of the columella. The Grayson 
technique itself then went through further modifications aiming for preferable 
outcomes and more comfort to the patients and their caregivers [42–44].
The concept of clear orthodontic appliances was first introduced in 1946 by 
Kesling to align the teeth in better positions [45]. Later after that, the clear aligner 
treatment (CAT) was introduced by Align Technology (Santa Clara, California). 
CAT was very acceptable for adult patients [46]. However, it was not that popular 
for pediatric patients in craniofacial orthopedics and orthodontics, this was related 
to the possible discomfort, allergy, and respiratory obstruction from impression 
material in newborns with cleft palate [47]. The introduction of a digital workflow 
that includes IOS instead of conventional impression techniques then designing and 
3D printing of clear aligner for nasoalveolar molding has paved the way to a more 
friendly yet accurate method of reducing the cleft defect before surgery [48].
Figure 1. 
Digital models of a patient with unilateral cleft lip and palate on the right side, which can be used for detailed 
diagnosis and tailored treatment planning.
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The scanning process is usually done using a small-sized scanning tip, the 
newborn/infant’s head is advised to be stabilized gently with the parent’s hand while 
keeping the infant seated in the parent’s lap. The overall intraoral scanning process 
should take less than 3 minutes, an exact reported average of 1 minute 30 seconds 
up to 2 minutes has been reported in literature [48].
It is worth mentioning that the IOS software is accustomed to record continuous 
dental arches and interpret any discontinuous surface as a redundant or spuri-
ous surface that should be removed [47]. Hence, the most challenging part to be 
scanned was the cleft gap. However, the orthodontists’ experience in the scanning 
process plays a significant role (Figure 2). On another hand, the scanning speed is 
recommended to support up to 3000 images per second with the rationale of reduc-
ing any errors that may result from any movement between the scanning tip and the 
surrounding oral structures [47].
4.3 IOS and 3D printing
Fully digital workflow can be implemented to successfully design and manufac-
ture palatal plates for patients with cleft palate or any functional disorder. Applying 
this workflow in orthodontics requires the synchronization between different tech-
nologies to be able to finally create appliances, it is now possible to create palatal 
plates based on digital intraoral scanning [49].
Xepapadeas AB et al. [50], reported a detailed technique for scanning the patients 
with Trisomy 21 syndrome for the aim of manufacturing palatal plates. They advised 
that the orthodontist should make sure to record all the intraoral structures that 
can crucially affect the fit of the plate as the maxillary tuberosity, labial frenulum, 
and vestibule. Also, another important tip is to always define a reference point to 
mark the start of the scan - usually it is the incisive papilla - so that if the scanning 
position is lost, the papilla or the last scanned area can be taken as a starting point. 
The scanned data represents the digital working model. At first, adjusting the scan 
orientation is done then defining the outer borders of the scan to determine the final 
dimensions of the orthodontic model. The final step includes removing any under-
cuts or irregularities resulting from registration errors, this is usually done using the 
free form tool. In patients with cleft palate, it is advised to virtually block the cleft to 
ensure that all the anatomic structures are recorded rather than being removed and 
considered as redundant images. Thereby, the digital model is ready to be exported as 
Standard Tessellation Language (STL) file for the design of the palatal plate.
Figure 2. 
Intraoral scan of an infant with unilateral cleft lip and palate. The digital impression can be used to assess the 
maxillary arch/segment dimensions and to fabricate a nasoalveolar molding (NAM) aligners.
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In the craniofacial field, accurate diagnostic information, precise understanding 
of the anatomy, and practice are the key for any successful surgery. Palatoplasty 
simulation on a 3D printed cleft palate model based on data from intraoral scanner 
is now a growing viable option. This simulation offers a training opportunity to the 
medical students and residents to increase their expertise [27].
4.4 IOS and 3D surgery
The 3D filed is rapidly and favorably developing. This includes 3D imaging, 
scanning and printing. Following the promising development of the 3D filed, it was 
about time for software creators to incorporate three-dimensional surgical modules 
into various software programs. Utilizing different 3D technologies together paved 
the road for virtual surgical planning (VSP) to accessible and widely spread.
Two fundamental elements are needed for VSP; 3D radiographic imaging (CT or 
CBCT) and intraoral digital impression. The intraoral scan of a patient’s mouth is 
done in order to obtain a STL file, that will be accurately placed overlaying the den-
tition on the patient’s CT or CBCT volume. This merging will provide an accurate 
representation of the patient’s skeleton, dentition and facial soft tissues; i.e. creating 
a “virtual patient” [51]. Utilizing specific software programs, VSP can be performed 
with a step-by-step guidance. First, the boundaries of the maxilla, mandible and 
Figure 3. 
Virtual surgical planning (VSP) showing double-jaw surgery with final splint is in place.
Figure 4. 
The surgical guides are virtually designed. Screw holes are accurately distributed to avoid any injury to the 
adjacent structures (such as teeth and nerves). Note that in figure (B), numbers represent the predetermined 
length of the screws, while screw (*) indicates the need to used angular screw.
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dentition are identified through landmark identification. Then, the surgical move-
ments of one jaw or both are decided in all dimensions (anteroposterior, lateral, 
vertical, yaw, pitch and roll) depending on the surgical plan (Figure 3). 3D surgical 
guide(s) and Inter-mediate or/and final splint(s) can be created virtually and then 
3D printed (Figures 4 and 5).
The VSP allows for accurate osteotomy cuts, better predictability of the 
outcomes and significant reduction in the amount of time spent in the operating 
room [52–54]. With the current and upcoming advanced in the 3D filed, it is only 
logical to consider VSP not only as a viable option, but as an upgraded alternative 
to traditional surgeries.
5. Conclusions
Digital intraoral scanners can be considered as an accurate novel diagnostic tool 
in the craniofacial field as well as a safe alternative to the traditional impression 
techniques especially for infants with craniofacial conditions. They allow for 3D 
evaluation of the scanned data; this can be very beneficial for infants/newborns 
with cleft palate by facilitating the treatment plan formulation based on accurate 
3D measurements and analysis. Furthermore, IOS can enable the manufacture of 
craniofacial appliances when combined with a proper digital workflow. Finally, the 
with the marriage of IOS and 3D printing technology, surgical models can be easily 
fabricated for surgical training purposes.
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Figure 5. 
The surgical guides for the maxilla and mandible are virtually designed then 3D printed. A, right side of the 
maxilla; B, left side of the maxilla; C, right side of the mandible; D, left side of the mandible.
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